Background and Purpose-Since cerebral small vessel disease (SVD) is associated with cognitive and motor impairment and both might ultimately lead to nursing home admission, our objective was to investigate the association of SVD markers with nursing home admission. Methods-The RUN DMC study (Radboud University Nijmegen Diffusion Tensor and Magnetic Resonance Cohort) is a prospective cohort of 503 independent living individuals with SVD. Date of nursing home admission was retrieved from the Dutch municipal personal records database. Risk of nursing home admission was calculated using a competing risk analysis, with mortality as a competing risk. Results-During follow-up (median 8.7 years, interquartile range 8.5-8.9), 31 participants moved to a nursing home.
C erebral small vessel disease (SVD), consisting of white matter hyperintensities (WMH), lacunes of presumed vascular origin (lacunes), microbleeds, and brain atrophy, 1 is highly prevalent in the ageing population. A number of SVD markers are associated with cognitive 2 and motor function decline 3 and, after further deterioration, with dementia 4 and parkinsonism. 5 In addition, SVD is associated with both ischemic and hemorrhagic stroke. 6, 7 These symptoms and diseases are important causes for loss of independence and rank high among predictors of nursing home admission. 8 To our knowledge, only 2 studies investigated the association between WMH and nursing home admission. 9, 10 Both studies found an association; in one study, this association remained significant after adjustment for age. 10 However, both studies investigated patients with stroke, and, as stroke itself increases the risk of nursing home admission considerably, 8 their results have limited external validity to nonstroke patients. Moreover, the association of lacunes and microbleeds with nursing home admission has not been investigated.
The main objective of this study was to investigate the association of baseline SVD markers (WMH, lacunes, microbleeds, and brain atrophy) with risk of nursing home admission. In addition, we calculated the 5-and 8-year risk of nursing home admission in an SVD population. Because we
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hypothesized the association of SVD with nursing home admission would be partially explained by incident disease possibly associated with SVD (like parkinsonism, dementia, and stroke), we additionally investigated the prevalence of these diseases before nursing home admission.
Methods

Study Population
The RUN DMC (Radboud University Nijmegen Diffusion Tensor and Magnetic Resonance Cohort) is a prospective study of 503, independently living individuals with SVD. The details of the study protocol and rationale have been described previously. 11 On the basis of established research criteria, SVD was defined as the presence of lacunes and/or WMH on neuroimaging. 12 Patients were referred either because of acute symptoms, such as transient ischemic attacks or lacunar syndromes, or subacute complaints, such as cognitive, motor disturbances and/or depressive symptoms. 12 Inclusion criteria were age of 50 to 85 years and the presence of SVD (WMH or lacunes) on cerebral imaging. Exclusion criteria were presence of dementia and parkinson(-ism), intracranial hemorrhage, life expectancy of <6 months; intracranial space occupying lesion; (psychiatric) disease interfering with cognitive testing or follow-up; recent or current use of acetylcholine-esterase inhibitors or neuroleptic agents, SVD mimics (eg, multiple sclerosis); prominent visual or hearing impairment; language barrier; magnetic resonance imaging (MRI) contraindications, or known claustrophobia. Baseline measurements were collected between January 2006 and February 2007. In 2011 and 2015, participants were invited for a follow-up assessment. Information on survival and event status were collected up to 11 September 2015. This study has been approved by the Medical Review Ethics Committee region Arnhem-Nijmegen, and a written informed consent was obtained from all participants. The data that support the findings of this study are available from the corresponding author upon request.
MRI Protocol
Images were acquired on a 1.5-Tesla Siemens; Magnetom Sonata (2006) including a 3-dimensional T1-weighted magnetization prepared rapid gradient-echo (MPRAGE), a gradient echo T2*-weighted and fluid-attenuated inversion recovery scanning. A detailed description of the MRI protocol has been given previously.
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Assessment of SVD
SVD markers were rated according to the Standards for Reporting Vascular Changes on Neuroimaging (STRIVE) criteria. 1 Lacunes and microbleeds were rated manually on, respectively, fluid-attenuated inversion recovery and T2* imaging by trained raters blinded for clinical data. WMH were segmented with an in-house developed semiautomated program. 13 In addition, a modified Fazekas scale 14 was used to grade WMH with the following categories: mild (no or only punctate lesions), moderate (beginning confluent lesions), and severe (large confluent lesions). We used this scale for its clinical applicability and because it has been used in a comparable cohort study.
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Brain Volumes
Gray matter, white matter, and cerebrospinal fluid volume maps were obtained by segmenting T1 images using Statistical Parametric mapping 12 (SPM12, http://www.fil.ion.ucl.ac.uk/spm/). Total brain volume was obtained by summing gray and white matter volume. Intracranial volume was obtained by summing total brain volume and cerebrospinal fluid volume. All volumes were normalized to the intracranial volume, to adjust for head size.
Incident Disease Prior Nursing Home Admission
Information on the following incident diseases was available: parkinsonism, dementia, stroke, myocardial infarction, and cancer. This information was retrieved by 2 approaches. During the follow-up visits in 2011 and 2015, information on incident diseases was obtained through an in-person structured questionnaire. For the participants who were not able to attend the follow-up assessment, their general practitioner was requested to fill out a structured event form. A diagnosis of parkinsonism was made according to the UK Parkinson's Disease Society Brain Bank criteria, 16 dementia according to the criteria of the Diagnostic and statistical manual of mental disorders, 4th edition, 17 myocardial infarction according to the definition in the International Statistical Classification of Diseases and Related Health Problems, 10th edition (ICD-10), 18 and cancer as the presence of any malignant neoplasm, as mentioned in the ICD-10. 18 Stroke was defined according to the World Health Organization definition as rapidly developing clinical symptoms of focal or global cerebral dysfunctions, lasting at least 24 hours or leading to death with no apparent other cause than that of vascular origin.
19
Transition to a Nursing Home
Residential status was obtained during follow-up in 2011 or 2015. If participants did not visit the in-person follow-up, a systematic approach was followed to determine the residential status. First, the residential address and moving date were retrieved from the Dutch municipal personal records database. Second, a residential address was classified as a nursing home when it was mentioned as such in the database of all health care centers of the Netherlands (www.zorgopdekaart.nl). This database is an application realized by the Dutch Centre for Health Assets, part of TNO (DuCHA-TNO; the Netherlands), and made publicly available by the Dutch ministry of health, welfare, and sports. If according to this database >1 residential category was located on this address, the general practitioner or medical records of the participant were consulted for verification.
Mortality
Information on vital status was retrieved from the Dutch municipal personal records database. This information was available for the whole study population and was last verified on the same date as the date of the last data collection, September 11, 2015.
Other Measurements
Information on cardiovascular risk factors and current use of medication was obtained through a structured interview. For systolic blood pressure, the average of 3 measurements in supine position was used. Living condition was categorized as either living with or without partner. Mobility was defined as independent (no usage of any aid) or dependent (usage of any aid, eg, walker, wheelchair, cane). Education was dichotomized into less or equal to primary education or more than primary.
Statistical Analysis
Baseline characteristics and SVD severity were compared between those who were admitted to a nursing home and those who were not. When appropriate, the χ 2 test was used for nominal variables and the 2-sided independent t test or Mann-Whitney U test for continuous variables. These statistical tests were performed using IBM SPSS Statistics version 22.
Because we hypothesized that those at risk of nursing home admission would also be at a higher risk of dying and would have a higher SVD burden than those not admitted to a nursing home, we used a competing risk analysis. As opposed to the cause-specific model (eg, Cox regression), we used a subdistribution model (Fine and Gray) for these analyses. In the cause-specific model, when a participant dies, he or she is removed from the risk set of nursing home admission, in contrast to the subdistribution model which retains the participants in the risk set of nursing home admission. 20 Especially in studies of older adults with a high mortality, it is advised to use a competing risk approach to determine incidence and effect estimates. 21 Cumulative risk of nursing home admission was estimated using Gray's method, 22 with death as a competing risk. Person-years at risk were calculated from date of baseline assessment until transition to nursing home, death, date lost to follow-up, or date of last follow-up visit, whichever came first. Participants who were not admitted to a nursing home nor died were censored. Survival plots were curtailed at 8 years to ensure reliability for each subgroup. Cumulative incidence function curves were calculated for the whole group and stratified for SVD markers. White matter volume was divided into tertiles: lower (median 416 mL, interquartile range 392-430), middle (median 459 mL, IQR 449-466), and upper tertile (median 498 mL, IQR 483-513). Risk of nursing home admission with 95% CI (using the method as proposed by Choudhury 23 ) at specific time points were calculated with the CumIncidence R-function. 24 Differences in curves were compared with Gray's test. 22 In addition, we calculated univariate hazard ratios (HRs) of baseline MRI and clinical markers for risk of nursing home admission, with death as a competing risk using the Fine and Gray's proportional hazard model (model 1). 25 In the multivariate analysis, we adjusted for possible confounders, which were significantly (P<0.05) associated in the univariate analysis (baseline age and living condition; model 2). We intentionally did not adjust for vascular risk factors as we considered these part of the causal chain between SVD and nursing home admission.
As a sensitivity analysis and to enhance comparability with other studies, we additionally calculated hazard ratios with a Cox proportional hazard model combining nursing home admission and mortality in one outcome. For the multivariate analysis, we used the same variables (age and living condition) as used in the Fine and Gray's proportional hazard model.
For calculation of cumulative incidence function curves and HRs with Fine and Gray's proportional hazard model, we used the cmprsk package (version 2.2-7) of the R project (R version 3.1.1, www.R-project.org).
Results
Baseline Characteristics, Nursing Home Admission, and Mortality
Information on nursing home admission was retrieved for 502 participants (99.8%). One participant was lost to follow-up because of emigration. Mean age at baseline was 65.6 (SD 8.8) years, 56.6% were men, and the median follow-up time was 8.7 (IQR 8.5-8.9) years, with a total of 4.043 person-years. For all baseline variables, the missing values were below 1% of total participants. At the end of follow-up, 31 participants had moved to a nursing home with a median time to nursing home of 4.4 (IQR 3.4-6.7) years and 95 participants had died (18.9% of 502), of whom 18 had lived in a nursing home (58.1% of 31). Participants who moved to a nursing home were at baseline older, lived more often without partner, had higher systolic blood pressure, and a higher SVD burden than those who did not move to a nursing home ( Table 1) .
Prevalence of SVD-Associated Diseases Before Nursing Home Admission
Incident dementia was diagnosed in 19 (61%), stroke in 10 participants (33%), incident parkinsonism in 6 (19%), and myocardial infarction in zero participants before nursing home admission. Nine participants had >1 diagnosis. Number with single diagnosis were 12 for dementia, 1 for parkinsonism, and 4 for stroke. Five participants had neither a diagnosis of dementia, parkinsonism, nor stroke.
Cumulative Risk of Nursing Home Admission
For the whole group, the cumulative risk of nursing home admission was 3.6% (95% CI, 2.2-5.5) after 5 years of follow-up 
SVD Markers as Predictors of Nursing Home Admission
A higher age and living without partner at baseline were associated with a higher risk of nursing home admission, in the univariate analysis (Table 2 ; model 1). After adjustment for age and living condition (Table 2 ; model 2), both a higher total brain volume and white matter volume were significantly associated with a lower risk of nursing home admission, with respectively HR of 0.92 (95% CI, 0.85-0.98) and 0.87 (95% CI, 0.82-0.93) per 10 mL.
Sensitivity Analysis
As a sensitivity analysis, we calculated HRs for nursing home admission and mortality as combined outcome with a Cox proportional hazard model ( 
Discussion
This prospective cohort study is the first to demonstrate that total brain and white matter volume are associated with nursing home admission in patients with SVD on cerebral imaging after 9 years of follow-up, even after adjusting for baseline age and living condition. Before nursing home admission, there was a high prevalence of diseases possibly associated with SVD (dementia, parkinsonism, and stroke). Stroke, dementia, and to a lesser extent parkinsonism have been described previously as highly prevalent diagnoses at the moment of nursing home admission. 26 Twenty-six out of 31 participants (84%) admitted to a Figure. Cumulative risk of nursing home admission (%) after stratification for small vessel disease markers. A, Lacunes; B, microbleeds; C, white matter hyperintensities; and D, white matter volume. All curves were calculated with mortality as a competing risk. In the upper tertile of white matter volume, the risk of nursing home admission remained 0%. Missings: 4 missings in data on number of microbleeds.
nursing home had at least 1 of these diagnoses. Although we are not informed about the primary diagnosis at the moment of nursing home admission, these diseases are likely important contributors to nursing home admission in these participants. Our results further extends the findings of the LADIS study (Leukoaraiosis and Disability), 15 a longitudinal cohort study which investigated the association of SVD and loss of independence in a similar population. The strength of the association of WMH with nursing home admission in our study was similar to the association of WMH with the composite outcome of the LADIS study, in the univariate analysis. However, after adjusting for age and living condition, the association attenuated and was no longer significant. This is likely due to the difference in how we treated mortality in our analysis. In contrast with the LADIS study, which combines mortality and disability in 1 outcome, we treated mortality as a competing risk. In a sensitivity analysis we combined nursing home admission and mortality in 1 outcome and calculated HRs with a Cox proportional model. In this analysis, we did find a significant association between severe WMH and the combined outcome. These differences in results are likely due to the strong association of WMH volume and lacunes with all-cause mortality. 27 We believe these findings emphasize the importance of a competing risk analysis to gain more insight in separate effects of SVD on disability and mortality.
Nursing home admission as a primary outcome in SVD research has several advantages. Nursing home admission is for instance a direct, real-life consequence, with a great affect on lives of patients and their relatives. This direct impact of disability might be less clear when measured with, for example, the instrumental activities of daily living scale. Another advantage is the ability to capture functional disability due to stroke or parkinsonism. In addition, it has a clear and objective date, which increases the reliability of annual estimates of incidence and prevalence of nursing home admissions. Finally, it might be possible to estimate healthcare costs associated with nursing home admission.
Our results need validation in other SVD cohorts, especially in SVD cohorts studying patients from other nationalities. In a larger cohort, with more events, a clinical prediction study might be able to identify clinical markers associated with nursing home admission. When patients at risk for nursing home admission are identified in time, it might be possible to intervene or to monitor those at risk and hence delay the moment of nursing home admission.
Strengths of our study are the long median follow-up duration of 8.6 years and the almost complete (99.8%) collection of data on the outcome. The number of missing values was low (<2%), both in the clinical parameters and in the SVD features. The large number of included participants from the cohort with the low number of missing values decreased selection bias considerably. As moving dates were retrieved from the municipal records, recall bias was not present. Other strengths were the single-center design, which made data collection uniform for both clinical and MRI features, the systematic approach for collecting the outcome data, and the blinded rating of MRI data. Finally, we think our results have a high external validity to independently functioning elderly patients presenting with SVD on diagnostic cerebral imaging at the neurologic or geriatric outpatient clinic in a general hospital. Although our hospital is an academic center, all consecutive patients visiting the neurologic or geriatric outpatient clinic with SVD on neuroimaging were eligible for participation with referral reasons similar of general hospitals (mild cognitive complains, transient ischemic attacks), and the large majority were first opinions. An advantage over a population-based approach is our study likely better reflect the population encountered in the clinical practice.
Limitations of our study include the small number of cases of nursing home admission, which restricted the number of variables that could be used in the multivariate model. In addition, this may have lowered the power to detect an association between SVD markers and nursing home admission. Furthermore, information on incident diseases was limited to the primary and secondary outcomes of the RUN DMC study (vascular events, dementia, parkinsonism, and 
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November 2018 cancer). Other possible reasons for nursing admission like fractures or respiratory diseases were not available. Additionally, information on outcome events were obtained mainly by standardized questionnaires, which may have resulted in recall bias. However, as these incident diseases were disabling events with a great affect on patients' lives, we think the risk of recall bias will be low. Another limitation of our study is the usage of 2 different case-finding methods for nursing home admission. We think it is not likely this that led to different numbers of events because a nursing home is a clearly defined health-care facility, and all cases were verified in the same way as those who did not visit the follow-up. Finally our study might have limited external validity to countries without a national healthcare system. To conclude, we demonstrated that the 8-year risk of nursing home admission is increased for those with more severe SVD lesions (WMH, lacunes and white matter volume). The association of both a lower white matter volume and a lower total brain volume with a higher risk of nursing home admission remained after adjustment for age and living condition. The association of SVD with nursing home admission might be mediated through diseases associated with SVD, such as dementia, parkinsonism, and stroke. Using nursing home admission as an outcome in SVD research might be beneficial, due to the possibility of combining these cognitive and motor consequences in 1 outcome.
